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FORMULATION AND US E OF MICROORGANISMS 
IN TREATING LIVESTOCK 
Field of the Invention 

This invention relates to a formulation of 
5 microorganisms suitable for administration to an animal, 
for therapeutic purposes or to promote growth, weight gain 
or another desirable aim in commercial livestock. 
Background of the Invention 

In the production and growth of all animals, it is 
10 possible to identify periods of vulnerability to inf ecti n 
of the gastrointestinal tract (GIT) , e.g. parturition and 
weaning, and other periods of a traumatic nature that are 
generally referred to as "stress 11 . During these periods of 
change, the first manifestation of deleterious effects 
15 occurring is usually a loosening of bowel function and 
diarrhoea. In extreme cases, such symptoms can lead to the 
onset of dehydration, and ultimately death. The effect of 
sub-acute infections is a marked check in the animals' 
growth, that can even lead to a loss in weight. 
20 In the wild, although the periods of "stress" occur, 

they prove less traumatic, as seen by the reduced 
occurrence of the symptoms described above. By contrast, 
under conditions of normal and intensive husbandry, the 
effects of "stress" may be both intensified and prolonged, 
25 and additional traumas such as maternal separation, 
transport, human handling and unusual environments may be 
introduced . 

In current practice of intensive husbandry in pigs, 
antibiotics such as tylosin are added to the animal feed to 

30 prevent or reduce GIT infections. Growth of the animals is 
thus promoted, when compared with untreated controls, by 
preventing the onset of the debilitating effects of the GIT 
infections. The addition of copper to the feed is also 
common practice, but the mechanism of action is uncertain. 

35 It has howev r been shown that the presence of copper, 
under certain conditions, can lead to the production of 
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H 2 0 2 , which is also produced by the action of bacteria in 
the GIT. 

grnnTnary of -the T invention 

A novel formulation of microorganisms, according to 
5 the present invention, is both capable of producing lactic 
acid in the GIT and also of producing (directly or 
indirectly. in situ ) , a bactericide to which the 
microorganisms in the formulation are resistant. 
Description of th e Invention 

10 The microorganisms in the novel formulation severally 

and collectively produce compounds and enzymes that 
encourage the establishment of a predominant and benign 
flora in the GIT of mammalian, avian and piscine species. 
The establishment of such a flora prevents the onset of 

15 those gastrointestinal diseases caused by the establishment 
of an alternative and deleterious flora in the intestine. 

The mode of action of these bacteria is to produce 
antimicrobial enzymes, bactericides and bacteriostats which 
prevent the establishment of bacteria other than those 

20 administered. This by contrast to the disadvantages 
associated with current techniques for achieving the same 
aims, i.e. by using a combination of aseptic husbandry with 
the addition of antibiotics and high concentrations of 
copper to animal feeds. 

25 The principles described herein are applicable to a 

wide variety of animal species and commercial practices. 
The establishment of appropriate benign flora may be 
considered in the GIT of many animals that are used for the 
commercial production of meat, milk and fish. In addition, 

30 since an object of the invention is to improve the health 
and well— being of animals in general, its use and 
applicability can be extended to draught animals, companion 
animals and humans. 

A first microorganism in the novel formulation has the 

35 capability of producing lactic acid in the GIT. This 
microorganism is, for example, of the genus L actobac i 1 lus 
- 33r Enter o coccu s* Either or both genera jr.ay ^e used; they 
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ar distinguished by th ir ability to utilise sugars such 
as glucose or lactose or r in the case of Enterococcus . to 
utilise starch, to produce lactic acid and thus reduce th 
local pH. The choice of microorganism will depend on th 
5 locus at which it is desired to give the desired effect; 
for example, microorganisms of the genus Lactobacillus 
produce lactic acid at a more acid pH than those of the 
genus Enterococcus . Species of each of these genera that 
may be used are L. kasei . L. aminosum , L. fermentum, £. 
10 faecalis and £. faeciuro . A mixture of more than one of 
each such microorganism may be used. 

A second microorganism that is used is capable of 
producing a bactericide, e.g. by providing a substrate for 
lactoper oxidase, to produce peroxide. The oth r 

15 microorganisms in the formulation should be resistant to 
that bactericide. Such a bactericide is capable of 
combating microorganisms that are the positive agent of 
enteric disorders, e.g. S taphy 1 ococcus aureus, E. coli and 
Salmonella . 

20 The use of microorganisms ensures that the desired 

effect is produced locally. The various microorganisms in 
the formulation should be compatible, e.g. capable of 
growing together. Fast growth at the locus of action is 
desirable. The microorganisms may be selected for various 

25 characteristics, e.g. resistance to commercial antibiotics 
and also bile acids, that make them suitable for their 
intended use. 

The formulation may be supplemented with enzymes, or 
microorganisms producing enzymes, which digest fibre* Such 

30 enzymes include arabinase and xylanase. Another useful 
enzyme is glucose oxidase, to produce (additional) 
peroxide. In addition, enzymes or biocatalysts producing 
free radicals from peroxide, e.g. lactoperoxidase , may be 
added to supplement or replace the natural enzymes found in 

35 milk. Such free radicals have a disinfectant eff ct on 
some organisms that are generally not effective on the 
sel cted strains in vivo. 
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A formulation of the inv ntion can be used initially 
with the administration of conventional antibiotics. 
However, its continuing administration allows the amount of 
tylosin, virginiamycin or similar antibiotic to be reduced f 
5 and the requirement for copper in animal feeds can also 
thus be reduced or prevented. The microorganisms that are 
used in the novel formulation are selected for their 
ability to produce compounds such as bacteriocins and other 
such compounds in sufficient quantities to prevent the 
10 establishment of the deleterious bacteria in the GIT (e.g. 
E. coli . Salmonella etc.). The bacteria can be isolated 
from wild or cross-bred animals kept under non-intensive 
husbandry conditions. The quantities of the antimicrobial 
produced by these bacteria, however, remains small compared 
15 with the concentrations of antibiotics currently added to 
animal feeds. The possibility of the emergence of 
resistant strains is therefore much reduced. Further, by 
using a number of such compounds, the possibility of 
undesirable bacteria establishing resistance to a single 
20 agent is reduced. 

Anti-bacterial compounds in this context will cover a 
wide range of compounds and are not confined to those 
generally referred to as antibiotics, though the production 
of antibiotics in vivo is part of the synergic effects that 
25 may be observed. The anti-bacterial compounds include 
those that produce bacteriocins, lactic acid, peroxide and 
enzymes. In addition, enzymes may be added to the 
formulation prior to ingestion, to enhance the 
establishment of the bacteria. Thus the inclusion of 
30 amylase and/or peroxidase will assist in the establishment 
of the desired flora. 

The establishment of the desirable and benign flora 
depends on the selection of complementary species and 
strains that will establish themselves in most if not all 
35 of th ecological niches that are to be found in the GIT. 
Such ecological areas could under oth r conditions harbour 
^i&ci»irable organisms. The selected microorganisms liur.t. 
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hovev r, be sufficiently compatible to be specific to a 
particular environment, or resistant to the metabolic 
products of the other organisms to be used. 

The desired flora must be established in competition 
5 with an already established flora. In the GIT of young 
animals, it is necessary to saturate as far as is possibl 
the environment of the young animal with the desired flora. 
To this end, the formulation is fed to animals prior to 
parturition, following an intense course of administration 

10 of the formulation after administration of a course of 
antibiotics, or together with a compatible antibiotic. The 
administration of the formulation to the young animals, 
post-parturition, is preferably immediate and supplemented 
with a continuous administration with the feed. For this 

15 purpose, and in consideration of the processes of 
preparation of commercial animal feeds, strains of the 
organisms are preferably selected or produced that are 
resistant to the temperatures, e.g. 45 °C or more, 
encountered during the manufacturing and pelleting 

20 processes. 

By way of illustration only, the invention will now be 
described in terms of a formulation suitable for use in 
pigs. The intention is to remove synthetic antibiotics and 
copper from feed. It derives from observations that the 

25 flora in the GIT of wild-type pigs, kept under non- 
intensive conditions of husbandry, varies with age, and 
that a number of species tend to dominate during the stag s 
of development. Three genera are found consistently: 
Lactobacilli . Enterococci and Bacilli . Of these, the E. 

30 f aecalis and EI. f aecium predominate during the early stages 
of the animals' life. Lactobacilli are present from the 
earliest stages of life through to adulthood. Bacilli ar 
present throughout, but become particularly numerous with 
the onset of an adult diet. 
35 This fl ra is notabl for a number of r as ns: 

1. The bacteria all grow at low values of pH and all 
j:*f.n&? w\a (usually ^ut not exclusiv ly lactic acid). 
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2. The Bacilli in particular produce anti -bacterial 
compounds (e.g. bacitracin and polymyxin) while the 
Fnterococci appear to be resistant to the release of such 
compounds (particularly bacitracin) . 
5 3, All these bacteria can use lactose as a carbon 

source and therefore have the ability to predominate in the 
presence of a milk diet containing lactose. 

4, In addition , the organisms as a whole can use a 
wide variety of carbon sources including structural (plant) 

10 polysaccharides which enables them to colonise the GIT over 
all stages of the animals' life. 

5. The Lactobacilli and the streptococci all produce 
peroxide which in combination with the lactoper oxidase in 
milk and saliva produces a natural bactericide. This 

15 should permit the removal of copper from the diet since one 
putative mechanism for the copper in the diet is the 
production of peroxide in the presence of ascorbic acid. 
Example 

A formulation for use in pigs (but also other animals, 
20 e.g. man) is composed of four strains selected to show heat 
tolerance. Each strain is used at 10 cfu/g. 



25 



30 



35 





Growth at 
(°C) 


Resistant to 
(°C) 


Lactobacillus 


50 


? 


Enterococcus f aecalis 


45-50, 


60-65 


Enterococcus faecium 


45-50 


60-65 


Bacillus licheniformis 


55-60 


spores 110 °C 



All strains are capable of anaerobic growth and of 
utilising lactose and, except for the £. faecium , sucrose. 
Two strains of Bacillus are used, each capable of utilising 
arabinose, starch, pectin and araban, of growth on beet 
pulp, of inhibiting S. aureus . Salmonella and E. coli, and 
of producing xylanase and arabinofuranase, and each 
^ti:ji&\;ar*t: wC -iie ^ritlLiotics bacitracin, virginiamycin and 
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tylosin (to a degree) , and to porcine bile extract. They 
each grow in the relatively high pH of the hind gut. 

The other strains ( Lactobacillus and Enterococcus \ are 
producers of lactate and all are resistant to porcine bile 
5 extract and the antibiotics given above, except that 
Lactobacillus and E. faecalis strains may not be resistant 
to bacitracin. This apparent disadvantage is countered by 
the practical aspect that these strains grow at low pH and 
are not affected by bacitracin in the upper intestine, 
10 where the production of lactate is important. 

The formulation may be supplemented by the addition of 
one or more enzymes selected from peroxidase, lipase, 
glucose oxidase, amylase and glucanase. 

In initial trials, this formulation has been shown to 
15 allow the replacement of antibiotic feed additives and 
copper in pigs, while mimicking the beneficial effects of 
such additives. A reduction in the presence of harmful 
microorganisms, as evidenced by the absence of the MMA 
syndrome, was observed. 
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CLAIMS 

1. A formulation of microorganisms suitable for 
administration to an animal , comprising a first 
microorganism capable of producing lactic acid in the 

5 gastrointestinal tract of the animal and a second 
microorganism capable of producing a bactericide to which 
the microorganisms are resistant. 

2. A formulation according to claim 1, wherein the first 
microorganism is a Lactobacillus . 

10 3. A formulation according to claim 1 or claim 2, wherein 
the first microorganism is an Enterococcus . 

4. A formulation according to any preceding claim, 
wherein the second microorganism is a Bacillus. 

5. A formulation according to any preceding claim, which 
15 comprises a fibre-digesting enzyme or a microorganism 

capable of producing a fibre-digesting enzyme. 

6. A formulation according to any preceding claim, which 
additionally comprises lactoperoxidase . 

7 . A f ormulation according to any preceding claim, 
20 wherein each component thereof is resistant to the 

antibacterial products of the or each other component - 

8. A formulation according to any preceding claim, 
wherein the or each component thereof is resistant to 
synthetic antibiotics used to combat pathogens of the 

25 gastrointestinal tract such as E. coli. 

9. A formulation according to any preceding claim, 
characterised by the ability to reduce the growth rates of 
harmful enteric bacteria such as E. coli. Salmonella and 
Clostridia . 

30 10. Use of the components defined in a formulation 
according to any preceding claim for the promotion of 
growth or weight gain in a farm animal. 

11. A composition comprising the components of a 
formulation according to any preceding claim, for 
35 simultaneous, separate of sequential use in th tr atm nt 
of an animal or human. 
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